.
2.A | Major components of the daily end-to-end

QA workflow
The major components in the MRgOART daily QA workflow with the Unity system include: (1) a daily QA patient, (2) a patient record and verification (R&V) system, (3) a treatment session manager (TSM), (4) an offline TPS, (5) an online adaptive TPS, (6) a 1.5T MRI scanner, (7) a 7MV Linac, (8) an MV imaging controller (MVIC), and (9) ArtQA software. 6 An MR-MV alignment phantom with seven ZrO 2 spheres surrounded by plastic and copper sulphate solution was used as the daily QA patient in the workflow. A 3D reference plan with five static-field beams was generated with offline Monaco TPS as follows: a)
The reference image was shifted by 1.0 cm, 1.2 cm and −1. The patient R&V system used in our clinic is Mosaiq (Elekta, Stockholm). The pretreatment preparation was done through Mosaiq which includes plan import, plan of care configuration, creating treatment calendar, and scheduling treatment appointments.
In the Unity system, the couch cannot be shifted once the patient is positioned within the bore. Therefore, every fraction requires adaptive plan. There are two adaptive plan workflows 7 available for offline and online TPS: i) adapt-to-position (ATP) in which the adaptive plan is generated based on the isocenter shift determined from rigid registration of daily and reference images, with the plan optimized on reference images, and ii) adapt-to-shape (ATS) in which the adaptive plan is generated based on daily anatomy and the plan is optimized on the daily image. Four strategies are provided for both ATP and ATS workflows, 1) original segments, 2) adapt segments (segment aperture morphing), 3) optimize weights and 4) optimize weights and shapes. The ATP workflow with adaptsegments strategy was selected in the daily QA workflow.
The Elekta treatment session manager (TSM) for Unity includes TSM-setup and TSM-imaging workspaces. The TSM-setup workspace is used for patient verification and setup confirmation. The TSM-image workspace is used for daily imaging activities which includes pre-treatment and post-treatment imaging, verification imaging and motion monitoring etc.
The MVIC is the MV imaging system used to verify MLC shape and daily output in the workflow. The MV imaging panel consists of Gadox scintillator and 1024 × 1024 photo diodes. The imaging resolution is 1024 × 1024 pixels with the pixel size 0.21 mm at the isocenter plane. The IPF is inversely correlated with radiation during the MV imaging, thus can be used to measure Linac output.
ArtQA is a software QA tool developed to check plan data integrity and dosimetry quality in a TPS, verify the plan data transfer from the TPS to patient R&V system, independently check the MU from TPS with secondary 3D dose calculation and verify the treatment delivery after completion. The category of checking includes patient demographics, study set, structures, beams, dose calculation and dose quality. For example, if the beam parameters (MU, gantry angle, MLC setting etc.) are changed in the patient R&V system by accident, they will be flagged in red when compared to TPS. The secondary 3D dose calculation is based on a modified Clarkson integration method and partially takes into account the dosimetric effect of magnetic field by using the commissioning beam data of the Unity system. 8 
2.B | Major steps of the daily end-to-end QA workflow
The major steps of the daily QA workflow include the following:
1. In Mosaiq, the daily QA patient is selected, and the MR daily assessment is completed.
2. The TSM will automatically launch both TSM-setup and TSMimaging windows upon acknowledging all the readiness checks in Mosaiq.
3.
Once the QA patient is setup on the couch in the treatment room, the patient is verified, and the setup is confirmed in TSMsetup window.
4.
The daily pretreatment imaging is started from TSM-imaging window.
5.
Once the daily MR imaging is done and the images are transferred to online Monaco, the reference planning images of the QA patient will be opened in online Monaco, the daily images will be automatically loaded and rigidly registered with reference planning images.
6. The isocenter shift due to the registration in TPS is recorded and compared to the expected values. The difference reflects the combination of phantom setup error and the accuracy of the rigid registration.
7. The ATP workflow with the adapt-segments strategy is used in the online TPS for the adaptive replanning.
The adaptive plan is checked with ArtQA once the replanning is
finished, and the consistency of beam parameters is checked after the adaptive plan is approved and transferred into Mosaiq.
9.
Motion monitoring (i.e., cine MR image acquisition) is started from the TSM-imaging workspace.
10. The daily plan is delivered from Linac console, and the MVIC records the MV portal images of the phantom for different beams.
11. The MLC position is checked for each beam by comparing the MV images with the MLC shape in TPS.
12. The IPF of the MV image for beam of 5x5 field is obtained from MVIC and compared to the tolerance value to make sure that the daily MR-Linac output is within the +/-3% difference of the calibration.
2.C | IPF response curve for daily output QA
The IPF response curve for daily output QA is generated and checked with Linac monthly and daily output QA setups. The output of the MR-Linac in our clinic is calibrated as 100 cGy per 100 MU at the depth of the maximum dose (D max ) (at 143.5 cm SAD, gantry = 
| RESULTS
The daily end-to-end QA workflow has been used in our clinic since January 2019. The entire workflow can be completed within 10 min.
The workflow has detected numerous communication failures, for example, the TSM could not be launched automatically when the workflow was initiated from patient R&V system; TSM could not communicate with the Philips MRI scanner to start the daily images;
the daily images could not be imported to the online TPS for adaptive planning; motion monitoring images failed to initialize; the adaptive plan could not be delivered on the Linac. Detections of these failures enabled us to resolve issues prior to setting up patients for daily treatment. The results of isocenter shift due to the image registration in TPS, as well as IPF value for daily output check, were recorded in the QA database. The MLC positioning, motion monitoring, MV image quality, system communications, adaptive plan QA and treatment delivery were also checked during the workflow.
3.A | Image registration in TPS
The accuracy of the image registration was checked by comparing the daily image isocenter shift with the expected isocenter shift due to the offset of the reference image sets. As shown in Fig. 1 , the difference of isocenter shift between the expected and daily registration in x, y and z directions were all <1.0 mm.
3.B | Motion monitoring
Motion monitoring images were acquired with a tri-planar 2D balanced turbo field echo cine sequence after the adaptive plan was generated and before it was delivered. Although the MR-MV CHEN ET AL. 
3.C | Adaptive plan QA
After the adaptive plan was generated and saved, the second dose verification with ArtQA was performed and a summary of the dose calculation was automatically generated and saved in a pdf file as shown in Fig. 3 . The summary included patient demographic infor- 
3.E | Daily output
The daily IPF was measured and converted into daily output using the IPF response curve as shown in Fig. 6 . A summary of the daily IPF factors since January 2019 is shown in Fig. 7 , and the corresponding daily output converted from the IPF in the same period is shown in Fig. 8 .
The maximum variation of the daily output was <2%.
3.F | IPF response
The 
